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Power electronics field is adapting rapidly to the needs of the new era of power systems which 
include smart-grid applications, renewable resources and so on. This dissertation looks at the 
potential and the advantages of AC/AC converters for the future power systems through dynamical 
analysis, simulations, experiments, and prototype applications, with applying nonlinear techniques 
in order to explain the benefits of operating in the edge of stability.  The dissertation consists of 
6 chapters.   
 
Chapter 1 gives a small introduction about the main ideas that are going to be analyzed in this 
dissertation, those are AC/AC conversion, nonlinear dynamics, and power routers. Power router is 
a prototype device which can distribute on-demand power from the desired source to the desired 
load. By this way, we can achieve maximum operation of the renewable resources, constant power 
supply of the critical loads, and control localisation. 
 
In the following Chapter 2, the fundamentals of a 1-phase buck type AC/AC converter are 
analyzed. An open-loop control is confirmed both in simulations and experiments. One key factor 
of the converter operation is the switching frequency and one of the most important issues covered 
in this chapter would be the advantage of high switching frequency. More specifically, operating 
in higher switching frequency makes the passive components be smaller in size. In addition, the 
harmonics tend to have smaller amplitudes so that it is easier to attenuate them. Moreover, during 
transient response the higher the switching frequency is the faster the decay time becomes and 
also there exist smaller in amplitude overshoots. 
 
Closed-loop feedback control is considered in Chapter 3 by deriving a discrete time iterative map. 
The novelty lies on the applications of nonlinear dynamics through this model and the results 
cover a whole range of new operation regimes, which include period doubling operation and 
chaotic oscillations besides the conventional steady state. By this way, the switching harmonics 
are not gathering into high peaks as in the conventional steady state but instead, they are 
distributed into a wider area with smaller amplitudes (as the electromagnetic regulations also 
recommend). As a result, their elimination is an easy task. It will be shown that even during the 
chaotic operation the fundamental harmonic is maintained and it is the main responsible one for 
the power flow. The performance improvement of the converter operation is discussed again with 
simulated and experimental approach. 
 
Three phase power systems are widespread and quite well established in the real world of power 
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systems. Therefore, it becomes a strong motivation to continue the research with a 3-phase AC/AC 
converter in Chapter 4. A matrix converter is chosen because it is quite a new converter but it is 
very promising for the actual realisation since it is a very compact device, with low harmonic 
content, without DC link since the direct topology is used. Some fundamental control modulations 
are presented in the beginning and of course a dynamic model of it, too. The experimental and 
simulation results have good agreement and show the advantages of its operation. Efficiency can 
be increased if the resonances, proven through the dynamic model, are exploited. Transient 
behavior is also tested showing how the converter can respond to sudden scenarios such as voltage 
sags and frequency changes. Some drawbacks are also presented such as the inability of the 
control to reach the ideal voltage ratio limits. Finally, the switching frequency has undesired 
effect on the efficiency since as the former is increasing the latter one is decreasing. These topics 
are left for future research since the final scope of this work is to present a possible application of 
the matrix converter. 
 
Chapter 5 presents this application mentioned above. It is the combination of a matrix converter 
with a power router attached to its output. Different switching scenarios are tested and the 
experimental results show good agreement with the simulation ones. The purpose of this 
application is to show that there is great potential in the smart on-demand power supply by 
switching on and off the equivalent power sources according to the power the loads require. 
 
Chapter 6 concludes this dissertation by summarizing the major points and achievements but also 
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 本論文は, スマートグリッドにおいて変圧器に替えて適用する AC/AC コンバータについて, 高
速・高周波スイッチング可能な SiCパワーデバイスを適用することを前提に，その動特性の解析を
行うと共にモデル化を行ったもので，学術上、実際上寄与するところが少なくない . よっ
て, 本論文は博士（工学）の学位論文として価値あるものと認める. また, 平成 26 年
12 月 22 日、論文内容とそれに関連した事項について試問を行って, 申請者が博士後期
課程学位取得基準を満たしていることを確認し, 合格と認めた.  
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